The annual incidence of tibial plateau fractures is 10.3 per 100,000 and more than 90% of them are surgical candidates. [1] The most common type is Arbeitsgemeinschaft für OsteosynthesefragenOrthopaedic Trauma Association (AO-OTA) type 41-B3 and represents 35% of plateau fractures. Most fractures are complex and comminuted, occasionally soft tissue injuries accompany them and treatment outcomes depend on anatomic reduction, stability degree and early active mobilization of the joint. Since management is primarily determined by a proper classification, one would expect that multiple studies should have evaluated the degree of observer agreement for imaging classifications.
When used by either different surgeons or specialists as radiologists, ideally the results must be consistent for a classification system for different cases both to guide management and speak the same language. Furthermore, for research purposes, a classification system has to provide a consensus to accurately compare different cases. In addition, some information can be found in previous studies in this field, and this study provides comprehensive investigation on all classifications regarding tibial plateau fractures. The accuracy and reliability of a classification can be resolved by its reproducibility, that is, by different observers. AO-OTA, [2] Schatzker et al., [3] Hohl, [4] Luo et al. [5] and revised Duparc [6] systems are widely used in orthopaedic practice, also being extensively cited in the literature. [7] Nevertheless, there is no universal consensus regarding the reproducibility of these classification systems for tibial plateau fractures nor a study that comprehensively reviews the reproducibility of all these classifications en masse. Given this gap in the literature, in this study, we aimed to assess the intra-and interobserver reliability of commonly used tibial plateau fracture classification systems. [8] 
PATIENTS AND METHODS
Computed tomography (CT) and lateral and anteroposterior (AP) views of plain radiographic images of 60 consecutive adult patients (40 males, 20 females; mean age 45.9 years; range 18 to 80 years) presenting to two orthopaedic departments between January 2011 and January 2015 with unilateral tibial plateau fractures were included in this retrospective cohort study. The orthopaedic departments are teaching hospitals that accept tertiary referrals for trauma. The observers were unaware of the patient identity and all aspects of clinical care and had no previous exposure to the films or the patients involved. Plain anteroposterior (AP), lateral radiographs (XR) and axial, coronal and sagittal CT views were made at initial referral to the hospitals and consequently used for analysis. The most recent radiographs of each patient were used. The order of the films was varied for the repeat classification assessment to prevent recall bias. The films were screened before inclusion by the non-observer senior authors to ensure that the films seemed to represent a full range of levels of the classification systems. The observers were not involved in this screening process. Four observers reviewed all XR and CT scans independently on two separate occasions, 1.5 months apart. Two observers were senior trauma surgeons with minimum 10 years of experience. The other two observers were staff surgeons with less than five years of experience who had been given detailed instructions on the relevant surgical anatomy and classification systems and had reviewed more than 10 different films by way of a learning curve before the present study. They were given instructions separately to discourage rote application of instructions from any senior author when classifying the injuries. All fractures were classified according to the AO-OTA, [2] Schatzker et al., [3] Hohl, [4] Luo et al. [5] and revised Duparc [6] systems. Comprehensive information was available to the observers regarding each of the classification systems in the forms. No time limit was used. A written informed consent was obtained from each patient. The study was conducted in accordance with the principles of the Declaration of Helsinki.
Statistical analysis
Statistical analysis was performed using the SPSS, version 13.0 (SPSS Inc., Chicago, IL, USA): Cohen's kappa (κ) for intraobserver reliability and Fleiss kappa for interobserver reliability. The Landis and Koch interpretation of kappa's values (κ≥0.81 equals almost perfect, κ=0.61-0.8 as substantial, κ=0.41-0.6 as moderate, κ=0.21-0.4 as fair, and κ≤ 0.2 as slight correlation) were used. Although this interpretation is arbitrary, they have been well accepted and widely used in the orthopaedic literature. Evaluation of statistical differences between kappa values was calculated with 95% confidence interval and considered significant when the upper and lower boundaries did not overlap.
RESULTS
Interobserver reliability when Schatzker classification was used showed moderate agreement (κ=0.51) for XR and substantial agreement for CT (κ=0.61) (Tables I and II) . Intraobserver reliability when using XR indicated moderate agreement for observers 1, 2 and 3 (κ XR =0.54-0.6) and substantial agreement for observer 4 (κ XR =0.64) (Table III) . When using CT, intraobserver reliability showed moderate (observer 1: κ CT =0.53) to substantial agreement (observers 2, 3 and 4: κ CT =0.63-0.77).
When AO/OTA classification was used, interobserver reliability between the four observers showed also moderate agreement for both methods of diagnosis (κ XR =0.43 and κ CT =0.54, respectively) ( Tables I and II) . Intraobserver reliability ranged from fair (observer 1: κ XR =0.4 and observer 3: κ XR =0.39) to moderate (observer 2: κ XR =0.48) agreement and only observer 4 had substantial agreement (κ XR =0.67) when using XR (Table III) . However, the intraobserver reliability showed moderate agreement (κ CT =0.49 to 0.6) for the first three observers and substantial agreement for the last observer (κ CT =0.76) when using CT.
In the Hohl and Moore classification, the interobserver agreement was also moderate for both methods (κ XR =0.45 and κ CT =0.51, respectively) ( Tables I and II) . Intraobserver reliability was moderate (observers 1, 2 and 3: κ XR =0.52) and substantial (observer 4: κ XR =0.72) when using XR and was moderate (observers 1 and 3: κ CT =0.52 and 0.58), substantial (observer 2: κ CT =0.66) or almost perfect (observer 4: κ CT =0.88) when using CT (Table III) .
The revised Duparc classification showed the lowest interobserver reliability ranging from fair to (Tables I and II) . Overall, the interobserver reliability was fair when using XR and moderate when using CT (κ XR =0.39 and κ CT =0.52, respectively). Also, the intraobserver reliability was moderate (κ XR =0.45-0.6) when using XR, but substantial for observers 2 and 4 (κ=0.69 and κ=0.75, respectively) and moderate for observers 1 and 3 (κ CT =0.44 and κ CT =0.57, respectively) when using CT (Table III) .
Interobserver reliability among observers was κ CT =0.47. The intraobserver reliability yielded substantial agreement for observers 1, 2 and 3 (κ CT =0.67-0.71) and almost perfect agreement was obtained by observer 4 (κ CT =0.84) ( Table III) .
DISCUSSION
To our knowledge, this is the first study assessing the intraobserver and interobserver reliability of all classification systems for tibial plateau fractures. Although these classification systems have been described for plateau fractures, none has been universally accepted. Our study demonstrated that although difference in κ value was too small to be clinically relevant, the Schatzker classification had moderate interobserver agreement when XR was used and substantial interobserver agreement when CT was used. Also, the AO-OTA and Hohl and Moore classifications demonstrated moderate rate of agreement. Finally, a fair concordance was found for revised Duparc classification.
First, the κ statistics achieved for the revised Duparc classification in the present study were similar for interobserver reliability (κ XR =0.39; κ CT =0.52) to a previously reported study that reported a mean κ XR =0.365; κ CT =0.474). [8] However, in this study, the lowest κ statistics were achieved for the revised Duparc classification among classifications studied especially when XR was used. The likely reason for this fair agreement is that the revised Duparc classification is the most comprehensive classification including five main types and 16 subtypes with associated fractures. Particularly, the spinocondylar fractures are hard to be classified, which represent relatively more complicated injuries on XRs. Further evaluation with sequential sagittal three-dimensional (3D)-CT images strengthened the level of agreement up to other classification systems making this classification significantly more reproducible. This is a finding of importance to the practicing surgeon. However, to recognize an isolated posteromedial fracture with associated injury patterns or spinocondylar fractures by XRs are difficult albeit 3D-CT evaluation for this classification did not add any superiority among other classifications. In addition to this, complex plateau fractures that can be described as Schatzker types V and VI, AO-OTA type C, revised Duparc bicondylar, spinocondylar or posteromedial fractures or Hohl and Moore type V fractures necessitate special attention when management with dual plating. Recently, Luo et al. [5] described three column fixations for these kinds of fractures and Mellema et al. [9] compared Luo classification with Schatzker. Although they found fair agreement between observers for Schatzker and Luo classifications, we found moderate interobserver and substantial intraobserver agreement for Luo classification.
Kappa statistics are most widely available in the published data for the Schatzker classification system. Some variability exists among published studies. Our study yielded comparable interobserver (κ XR =0.51; κ CT =0.61) and intraobserver (κ XR = 0.58; κ CT =0.66) results to those of Brunner et al. [10] (κ XR =0.418; κ CT =0.755). This was slightly better than the quoted mean κ CT of 0.61 from several other studies [8, 11, 12] but worse than findings of Brunner et al. [10] and Hu et al. [13] The clinical experience has been suggested to affect the interobserver reliability between observers with different level of experience; [10, 14] however, our study findings contradicted with this, with no significant differences found among the observers despite differences in experience.
Overall, the Schatzker, AO-OTA and Hohl and Moore classification systems yielded similar κ statistics (0.45 to 0.51) with moderate level of agreement for interobserver reliability when using XR; however, only Schatzker classification reached substantial agreement level after screening by CT. Only the revised Duparc classification achieved fair agreement level by use of XR and the observers noted that its complexity compared with that of the other systems required more frequent rote application of instructions to make a classification and as a consequence took more time to apply than did the other systems. In addition, this system differs from Schatzker, Hohl and Moore and AO-OTA systems in which similar but basic anatomical and morphological characteristics of the fracture lines represent similar subtypes making them easy to memorize. Briefly stated, when one decides on the type of the Schatzker type, to decide on the subtype in other classification is easier than that of revised Duparc classification. With no improvement in reliability compared with other classification systems, and because of its complexity and the more time demanded to apply it, the revised Duparc classification did not find a widespread use in clinical practice or as a research tool.
All available classification systems for tibial plateau fractures are limited by their reliability and reproducibility, although in the present study, the Schatzker classification was more reliable than other systems if assessed using XRs as well as sagittal and coronal 3D-CT sections. Comminuted fracture configurations with multiple fracture lines induce a classification challenge albeit 3D-CT sections. In our practice, no classification system aids sufficiently in decision-making for treatment. This is because these systems do not provide detailed information for mechanism of injury, associated injuries or patient factors that may affect management.
A potential limitation of the present study was choosing basic fracture subtypes of classification systems for practical purposes. Another limitation was that only the intra-and interobserver reliability were assessed. No assessment was made of the validity, responsiveness, or internal consistency of the classification systems. Last, the number of the patients included in this study seems to be low; however, slightly higher than that of previously reported studies.
In conclusion, among the classification systems compared in this study, Schatzker was the one with the best agreement when CT was used. The AO-OTA and Hohl and Moore classifications presented similar kappa statistics with moderate level of agreement. The revised Duparc classification presented worse agreement among specialists, probably because of its complexity and different morphological subtypes. Especially in clinical context, no classification systems in this research are universally accepted and they raise questions for suitability of their usage. Development of a comprehensive but simple system that enables surgeon to choose the optimal treatment method as well as to obtain the best prognosis is required by future studies in orthopaedic field.
